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(54) A switchable wide band receiver front end for a multlband receiver 

(57) The present invention provides a switchable 
wide band receiver front end for a multiband receiver 
comprising a broadcast signal receiving means (1) for 
receiving broadcast signals within multiple receiving fre- 
quency bands, wherein each frequency band is divided 
into a plurality of channels; a wideband low noise ampli- 
fier (2) connected to said broadcast signal receiving 
means for amplifying the broadcasted signals of all 
receiving frequency bands outputting an amplified out- 
put signal which is branched to multiple switches (11. 
12. 13) of a switching means (10), wherein the number 
of said switches (1 1 , 12. 13) corresponds to the number 
of receiving frequency bands; multiple filters (22, 23. 24) 
each connected to one of said switches (11. 12, 13), 
wherein each filter has a bandpass f ilterering character- 
istic to pass all signals within an associated receiving 
frequency band; a mixing means (30) connected to the 
output side of each filter mixing the filtered signal with a 
locally generated mixing signal from a frequency syn- 
thesizer to produce a intermediate-frequency signal; 
and a control means (14) outputting a first control signal 
to said switching means (10) for switching on one of 
said switches wherein one of said multiple receiving fre- 
quency bands is selected and outputting a second con- 
trol signal to said frequency synthesizer (31) to 
generate a mixing signal corresponding to the selected 
receiving frequency band. 
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Description 

BACKGROUND OF THE INVENTION 

[0001 ] The present invention relates to a switchable s 
wide band receiver for a multiband receiver. 
[0002] Although applicable to any digital mobile 
system, the present invention and its underlined prob- 
lems will be discussed with particular reference to GSM 
mobile systems. 7o 
[0003] In general. GSM is designed as an interna- 
tional digital cellular service. Originally, the 900-MHz 
band was reserved for GSM services, wherein the fre- 
quency band from 890 to 915 MHz is reserved for the 
uplink and the frequency band from 935 to 960 MHz is is 
reserved for the downlink, i.e. sending data from a base 
station to a mobile station. 

[0004] Since GSM first entered commerdal service 
in 1992, it has been adapted to work at 1800 MHz for 
the Personal Communications Networks PCN in Europe 20 
and at 1900 MHz for Personal Communications System 
PCS in the United States. Accordingly, there exist three 
main GSM systems operating at three different receiv- 
ing frequency band. Therefore, a mobile station includ- 
ing a wide band receiver front end has to be swrtchable 2s 
between the different receiving frequency bands to be 
operable in different areas having different GSM stand- 
ards. 

[0005] Rg. 1 shows a conventional receiver front 
end for switching between multiple receiving frequency 30 
bands RX1 to RXn using a switching means SW which 
Is connected on its input side to an antenna A. The 
switching means SW of this conventional receiver front 
end comprises multiple switches SI to Sn, wherein the 
number of tiiose switches corresponds to the number of 35 
receiving frequency bands RX1 to RXn. Each of the 
switches Si to Sn is connected to a narrow band LNA 
which amplifies the received signal within the predeter- 
mined receiving frequency band via a respective band- 
pass filter BP11 to BPIn. Each of the multiple narrow 40 
band low noise amplifiers LNA1 to LNAn is connected 
on its output side to bandpass filters BP1 to BPn which 
suppress all signals outside of the corresponding 
receiving frequency band. Each of the filtered output 
signals is mixed with a con-esponding locally generated 45 
mixing signal L01 to LOn from a frequency synthesizer 
by multiplication within an associated mixer Ml to Mn 
and passed to a further narrow-t>anded bandpass filter 
BP having a bandpass frequency characteristic to pass 
only the signal which has a frequency in the range of the so 
chosen physical channel. Accordingly, in a GSM sys- 
tem, tiie bandwidth of the narrow bandpass filter BP is 
approximately 200 kHz. 

[0006] As can be seen from Fig. 1 . a conventional 
receiver front end comprises multiple low noise ampWi- ss 
ers LNA1 to LNAn and multiple mixers Ml to Mn. 
wherein tiie number of the low noise amplifiers and the 
mixers con^esponds to the number of different receiving 



frequency bands which have to be received by the 
mobile station. For instance, within a mobile station 
designed to receive a broadcast signal in tiie downlink 
frequency bancte of GSM 900, GSM 1800 and GSM 
1900, three different low noise amplifiers and three dif- 
ferent mixers have to be employed. This has the draw- 
back tiiat many components have to be integrated 
within a mobile station, thus increasing its total produc- 
tion cost and making a further miniaturization difficult. 
[0007] It is therefore desired to provide a wide band 
receiver front end for a multiband receiver which is able 
to switch between multiple receiving frequency bands, 
but uses a minimum number of different components, 
thus lowering the production costs and facilitating a min- 
iaturization of the mobile phone. 

SUMMARY OF THE INVENTION 

[0008] The invention provides a switchable wide 
band receiver front end for a multiband receiver having 
the features of claim 1 . 

[0009] Particularly, the switchable wide band 
receiver front end for a multiband receiver according to 
the present invention comprises: 

a broadcast signal receiving means for receiving 
broadcast signals within mulitple receiving fre- 
quency bands, wherein each frequency band is 
divided into a plurality of channels. 

a wide band low noise amplifier connected to sak:l 
broadcast signal receiving means for amplifying tiie 
broadcast signals of all receiving frequency bands 
outputting an amplified output signal which is 
branched to multiple switches of a switching 
means, wherein the number of said switches corre- 
sponds to the number of receiving frequency 
bands, 

multiple filters each connected to one of said 
switches, wherein each filter has a bandpass filter- 
ing characteristic to pass all signals within an asso- 
dated receiving frequency band. 

a mixing means connected to the output side of 
each filter mixing tiie filtered signal with a locally 
generated mixing signal from a frequency synthe- 
sizer to produce an intermediate frequency signal, 
and 

a control means outputting a first control signal to 
said switching means for switching on one of said 
switches wherein one of said multiple receiving fre- 
quency bands is selected and outputting a second 
control signal to said frequency synthesizer to gen- 
erate a mixing signal corresponding to tiie selected 
receiving frequency band. 
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[0010] In a preferred embodiment of the present 
invention, a mixing means is an image rejection mixer. 
[0011] This has the particular advantage that the 
requirements with respect to the filters are not so high, 
i.e. the suppression or attenuation of undesired signal 
components in particular at the image frequency per- 
formed by the filters has not to be as high as in the case 
of using a normal mixing means. Accordingly, a lower 
number of in series connected filters or more simple f il* 
ters can be used, thus redudng further the production 
cost and tedlitating the miniaturization of the mobile 
phone. 

[0012] The principle idea of the present invention 
resides in using a wide band low noise amplifier which 
amplifies the broadcast signals of all desired receiving 
frequency bands and to substitute the plurality of mixers 
within a conventional receiver front end by only one 
mixer. 

[001 3] Further preferred embodiments of the inven- 
tion are listed in the dependent claims. 
[0014] According to a preferred embodiment, the 
output side of the mixing means is an IF-filter provided 
having a filtering characteristic to pass all signals within 
a narrow frequency band around a predetermined inter- 
mediate frequency. 

[0015] According to a further preferred embodi- 
ment, the wide band receiver front end comprises a fur- 
ther switching means having multiple switches each 
connected to the output side of a filter, wherein said 
switching means is provided on the input side of said 
mixing means for inhibiting interactions between the fil- 
ters. 

[0016] Providing such a further switching means 
has tiie particular advantage that interactions between 
the different filters which are caused by the direct con- 
nection are suppressed. 

[0017] According to a further preferred embodi- 
ment, the mixer is an image reject mixer, wherein on the 
input side of said image reject mixer, the received signal 
is branched to a first signal branch and a second signal 
branch each comprising a normal mixer, wherein the 
input signal is mixed in tiie first signal branch with said 
locally generated mixing signal which is phase-shifted 
by a first phase-shifting means to produce a first mixing 
product signal which in turn is phase-shifted by a sec- 
ond phase-shifting means and wherein the input signal 
is mixed in the second signal branch with said locally 
generated mixing signal directiy to produce a second 
mixing product signal which is added on the output side 
of said image rejection mixer to said phase-shifted first 
mixing product signal to produce said intermediate-fre- 
quency signal. 

[0018] According to a first preferred embodiment, 
the first and second phase-shifting means of the image- 
reject mixer each performs a phase-shift of 90"^. 
[0019] According to a further preferred en^)odi- 
ment. the switching means is a high power antenna 
microwave monolithic integrated circuit having multiple 



receiving faults and a switching speed of about 100 ns. 
[0020] According to a further prefen'ed embodi- 
ment the receiving frequency bands are downlink fre- 
quency bands of a GSM telecommunication system. 

5 [0021] According to a further preferred embodi- 
ment, the wide band receiver front end is capable of 
receiving three different frequency bands, wherein tiie 
first receiving frequency band is the downlink frequency 
band of GSM 900. the second receiving frequency band 

10 is the downlink frequency band of GSM 1800 and the 
tiiird receiving frequency band is the downlink fre- 
quency band of GSM 1900. 

[0022] According to a further prefenred emt)odi- 
ment. tiie IF-f ilter has a narrow frequency passband of 
IS 200 KHz corresponding to a frequency widtii of a phys- 
ical GSM channel. 

[0023] According to a further prefenred embodi- 
ment, the control means detects automatically on which 
receiving frequency band data is broadcast from a 
20 transmitting base station and generates sM first control 
signal such that this receiving frequency band is 
selected. 

[0024] According to a further preferred embodi- 
ment, the filters are selected from a group consisting of 
25 surfece acoustic wave filters and dielectric filters. In 
principle, all kinds of filters are possible, sich as hdical 
filters, multilayer filters, etc. 

[0025] According to a further preferred embodi- 
ment, said wide band low noise amplifier amplifies the 
30 received broadcast signal within a wide frequency band 
which includes more than one of tiie desired multiple 
receiving frequency bands. 

[0026] According to a further preferred embodi- 
ment, said wide frequency band of said wide band low 

35 noise amplifier includes the downlink frequency bands 
of GSM 900. GSM 1800 and GSM 1900. 
[0027] According to a further preferred embodi- 
ment, said wide band frequency band ranges from 100 
MHz to 2000 MHz. 

40 [0028] According to a further preferred embodi- 
ment, the locally generated mixing signals are chosen 
such that tiie frequency difference between said mixing 
signals is minimal. 

[0029] According to a further preferred embodi- 
45 ment, the frequ^icy of the intermediate frequency sig- 
nal which is output by said mixing means is 400 MHz. 
[0030] According to a further prefen'ed embodi- 
ment, tiie signal noise components at the image fre- 
quency are suppressed. 
50 [0031] According to a further preferred embodi- 
ment, the low noise amplifier only covers two or more 
frequency bands. 

[0032] According to a further prefen'ed embodi- 
ment, the switches and the filters are placed between 
55 the antenna and the low noise amplifier, 

[0033] According to a further preferred embodi- 
ment, at least some of the switches are replaced by 
matching circuits. 
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[0034] According to a further preferred embodi- 
ment, more narrow-banded filters are provided for filter- 
ing one or more of the frequency bands, instead of one 
filter covering the entire receiving barxl, preferably the 
GSM 1800 is split into two filters, the first covering the 
band from 1805 to 1845 MHz and the second covering 
the band from 1845 to 1880 MHz. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0035] The present invention will become more fully 
understood by the following detailed description of pre- 
ferred embodiments thereof in conjunction with the 
accompanying drawings, in which: 



Fig. 1 



Fig. 2 



Fig. 3 



Flg.4Ato 4C 



Fig. 5 



Fig. 6 
Fig, 7 

Fig. 8 

Fig. 9 



is a block diagram of a conventional 
receiver front end comprising a plural- 
ity of low noise amplifiers and a plural- 
ity of mixers; 

Is a block diagram of a first embodi- 
ment of the switchable wide band 
receiver front end according to the 
present Invention; 

is a block diagram of a second embod- 
iment of a switchable wide band 
receiver front end according to the 
present invention; 

is a diagram showing the spectrum 
levels of the different GSM-systems; 

is a block diagram of an image reject 
mixer employed in a prefen-ed embod- 
iment of the switchable wide band 
receiver front end according to the 
present invention; 

is a table for the explanation of the dif- 
ferent GSM systems; 
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15 



shows an example of signal levels at 
the measuring points A to E In Fig. 8 in 
comparison with an embodiment 
using a normal mixer and using an 
image reject mixer. 



20 



25 



30 



35 



40 



is a diagram showing the spectrum 
level of a GSM 900 to explain the 
problems caused by noise signals at 4s 
an image frequency; 



shows the first embodiment of the 
present invention as illustrated in Fig. 
2 for illustrating the signal levels at dif- 
ferent measuring points A to E; and 
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DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0036] Fig. 2 shows a first embodiment of the 
switchable wide band receiver front end according to 
the present invention. An antenna 1 is used for receiving 
broadcast signals broadcast from a base station. The 
broadcast signal receiving means 1 Is connected to a 
wide band low ndse amplifier 2. The wide band low 
noise amplifier 2 amplifies the received broadcast sig- 
nals of all desired receiving frequency bands. 
[0037J In the embodiment shown in Rg. 2, the 
switchable wide band receiver front end of the mobile 
phone is designed to three receiving frequency bands, 
i.e. the downlink frquency bands of the three different 
GSM standards which are 935 to 960 MHz for GSM 
900. 1 805 to 1 880 for GSM 1 800 and 1 930 to 1 990 MHz 
for GSM 1900. Accordingly, the wide band low noise 
amplifier 2 according to the present invention amplifies 
any signal within a wide frequency band ranging prefer- 
ably from 900 MHz to 2000 MHz. The received broad- 
cast signal is amplified by the wide band low noise 
amplifier2 with a gain of e.g. 15 to 20 dB. 
[0038] The amplified received signal is branched at 
node 3 into three different input lines 4, 5. 6 which are 
connected to input ports 7. 8, 8 of switching means 10 
comprising at least three different switches 1 1 . 12. 13. 
Switches 11, 12. 13 can be switched independently 
from each other in response to a control signal which is 
output from a control unit 14 via a control line 15 to the 
switching means 10. The switches 11. 12, 13 connect 
the Input ports 7. 8, 9 respectively to output ports 1 6. 1 7, 
18 of the switching means 10. The output ports 16, 17. 
18 of the switching means 10 are respectively con- 
nected via lines 19, 20. 21 to filtering devices 22, 23. 24. 
The filters 22, 23, 24 are bandpass filters and have a fil- 
tering characteristic to pass signals within the predeter- 
mined receiving frequency band. 
[0039] Bandpass filter 22 e.g. has a filtering charac- 
teristic to pass signals within a downlink receiving fre- 
quency band of GSM 900. i.e. 935 to 960 MHz. 
bandpass filter 23 has the filtering characteristic to pass 
signals In the downlink receiving frequency band of 
GSM 1800, i.e. 1805 to 1880 MHz, and bandpass filter 
24 has a filtering characteristic to pass signals in the 
downlink receiving frequency band of GSM 1900, i.e. 
1930 to 1990 MHz. In prefen-ed embodiments, the 
bandpass filters 22, 23. 24 are surface acoustic wave fil- 
ters or dielectric filters. The signals filtered by bandpass 
filters 22, 23. 24 are output via lines 25. 26. 27 to a com- 
mon node 28 and from there via line 29 to the input of a 
mixing means 30 mixing the filtered signal with a locally 
generated mixing signal received from a frequency syn- 
thesizer 31 via line 32. The frequency synthesizer is 
controlled by the control unit 14 via a control line 33 and 
generates different local oscillation frequencies to be 
mixed with the filtered signal according to a control sig- 
nal sent by the control unit 1 4. 
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[00401 According to a preferred embodiment, the 
control unit 14 detects automatically on which receiving 
frequency band data is broadcast from a transmitting 
base station to the mobile station which includes the 
wide band receiver front end according to the present 
invention and generates a first and second control sig- 
nal, wherein the first control signal is sent to the switch- 
ing means 10 via the control line 15 and the second 
control signal is sent to the frequency synthesizer 31 via 
the control line 33. 

[0041 ] The first control signal controls the switching 
means 1 0 such that the switch which con-esponds to the 
detected GSM receiving frequency band is switched on 
and the remaining switches are switched off. If, for 
instance, the control unit 14 receives a detecting signal 
indicating that the broadcast signals are broadcast 
within the downlink receiving frequency band of GSM 
900, i.e. 935 to 960 MHz, switch 1 1 of switching means 
10 IS switched on, connecting line 4 and line 19, 
whereas switches 12, 13 of switching means 10 are 
switched off, thus interrupting lines 5, 20 and lines 6, 21 , 
The received broadcast signal accordingly is filtered by 
the bandpass filter 22 and reaches mixer 30 via lines 
25, 29. The control unit 14 further generates a second 
control signal which causes the frequency synthesizer 
31 to generate a local osdilation within the local oscilla- 
tion frequency range of GSM 900, i.e. 1335 to 1360 
MHz according to the selected broadcast channel hav- 
ing respectivly a channel width of 200 KHz. The second 
control signal which the frequency synthesizer 31 
receives via line 33 from control unit 14 contains infor- 
mation with respect to the channel chosen from the 124 
broadcast channels of GSM 900 and the frequency syn« 
theslzer generates the corresponding local oscillation 
frequency and supplies this mixing signal to mixer 30. 
[0042] The mixer 30 mixes the filtered broadcast 
signal input via line 29 with the locally generated mixing 
signal supplied from the frequency synthesizer 31 via 
line 32 by multiplying both signals. The multiplication of 
the two signals by means of mixer 30 in the time domain 
con'esponds to a convolution of the signals in the fre- 
quency domain. Accordingly, the mixing means 30 pro- 
duces an output signal at a predetermined intermediate 
frequency IF which may be. for Instance. 400 MHz. The 
generated mixing signal is output by mixing means 30 
via line 34 to an IF-filter 35 which has a narrow fre- 
quency passband of 200 KHz corresponding to the fre- 
quency width of physical GSM data channel. From the 
IF-filter 35. the signal is output via line 36 for furtiier 
processing within the mobile phone. i 
[0043] Fig. 3 shows a second embodiment of a 
wide band receiver front end according to the present 
invention. In the embodiment shown in Fig. 3. a further 
switching means 37 is provided similar to the switching 
means 10. The second switching means 37 comprises t 
at least three different switches 38, 39, 40 which are 
controlled independentiy from each other via a control 
line 41 which connects the switching means 37 to the 



control unit 14. Switching means 10. 37 are controlled 
by the control unit 14 via control lines 15. 41 in such a 
manner that the switches 11. 38, the switches 12, 39 
and th switches 1 3, 40 connected in series to a con-e- 
5 spending bandpass filter 22, 23, 24 are always switched 
at the same time. If. for instance, switch 1 1 of switching 
means 10 is closed, also switch 38 of switching means 
37 will be closed. The function of the second switching 
means 37 resides in that tiie different filters 22, 23. 24 
10 are also on its respective output side completely sepa- 
rated from each other, thus inhibiting any interactions 
between the filters which could affect the filter charac- 
teristics of one of the bandpass filters. 
[0044] Fig. 4 shows the different spectrum levels for 
15 the three different GSM systems. 

[0045] Fig. 4A shows a spectrum level for GSM 
900. A received broadcast signal having a frequency 
RX1 within tiie receiving frequency band for GSM 900 
which is 935 to 960 MHz might be mixed with a lower 
20 local oscillation L01 1 or an Mpper local osdilation L01 2 
by multiplication to produce a mixed output signal at an 
intermediate frequency IF The frequency difference 
between the local oscillation frequencies LOl 1 or L012 
and the receiving frequency RX1 is the same as the 
25 intermediate frequency IF In case that the intermediate 
frequency is chosen to be 400 MHz and the received 
broadcast signal is transmitted at a frequency of 935 
MHz. tiie lower local oscillation frequency L01 1 has a 
frequency of 535 MHz and the upper local oscillation 
30 frequency LOl 2 has a frequency of 1 335 MHz. For mix- 
ing ttie received broadcast signal at a frequency RX1 to 
a mixing product signal at a frequency of IF. one can 
choose either the upper or the lower oscillation fre- 
quency 

35 [0046] Fig. 4B shows the spectrum level for GSM 
1800 having a receiving frequency RX2 higher than the 
receiving frequency RX1 of GSM 900. The receiving fre- 
quency RX2 is witiiin the receiving frequency band of 
GSM 1800, i.e. in between 1805 and 1880 MHz. The 

40 frequency difference between the lower local oscillation 
frequency L021 and the receiving frequency RX2 con'e- 
sponds to the Intermediate frequency IF, e.g. 400 MHz. 
If the receiving frequency RX2 is, for example. 1805 
MHz for the first channel within the receiving frequency 

is band, the lower local oscillation L021 has a frequency 
of 1405 MHz and the upper local oscillation has a fre- 
quency of 2205 MHz. 

[0047] Fig. 4C shows tiie spectrum level for GSM 
1900 wherein ttie receiving frequency RX3 is within a 
w frequency range of 1 930 to 1 990 MHz. Uke in Fig. 4A, 
4B, the frequency difference between the local oscilla- 
tion frequency L031 , L032 and the receiving frequency 
RX3 is the same as the intermediate frequency of e.g. 
400 MHz. 

•5 [0048] In the wide band receiver front end accord- 
ing to the present invention, the intermediate frequency 
IF Is chosen In a frequency range of around 400 MHz 
which makes it possible to use local oscillation frequen- 
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cies for the different GSM systems which are very close 
to each ottier. As already mentioned above, for mixing it 
does not matter whether one choses the upper or the 
lower local oscillation frequency. 
[0049] For GSM 900, the local oscillation frequency 
is chosen to be the upper local oscillation frequency 
L012. whereas for GSM 1800 and GSM 1900. the local 
oscillation frequency is chosen to be the lower local 
oscillation frequency L021 or L031. respectively As 
becomes evident from Figs. 4A to 4C. L012, L021 and 
L031 are very close to each other, ff. for instance, RX1 
= 935 MHz, RX2 » 1805 MHz and RX3 =: 1930 MHz. the 
con-esponding local oscillation frequencies are 1335 
MHz, 1405 MHz and 1530 MHz. By choosing the inter- 
mediate frequency to be around 400 MHz and by 
choosing the focal oscillation frequency to be the upper 
or lower local oscillation frequency, it is possible to 
achieve local oscillation frequency for the different GSM 
standards which are very dose to each other. 
[0050] TTiis provides a great advantage in the gen- 
eration of the local oscillation frequency within the fre- 
quency synthesizer 31 of the wide band receiver front 
end according to the present invention. It is much easier 
to generate different local oscillation frequencies within 
a narrow band than within a wide frequency band. 
[0051 ] Mixer 30 of the wide band receiver front end 
according to the present invention is in a first embodi- 
ment a normal mixer multiplying the input signals to pro- 
duce an output signal. In a preferred embodiment, the 
mixer 3D is an image reject mixer the structure of which 
is shown in Fig. 5. The image reject mixer 30 as shown 
in Fig. 5 comprises a branching node 42 at the input 
side which branches the input signal line 29 into a line 
43 and a line 44. The input line 32 through which the 
image reject mixer 30 receives the local oscillation fre- 
quency signal is branched at a branching node 45 to a 
line 46 and line 47. The Input locally generated mixing 
signal coniing from the frequency synthesizer 31 and 
branched off at node 45 via line 46 to a first phase-shift- 
ing means 48 is phase-shifted by 90"" and supplied via 
line 49 to a first normal mixer 50. On the other hand, the 
input mixing signal received from the frequency synthe- 
sizer 31 via line 32 is branched off at node 45 via line 47 
to a second mixer 51 without phase-shifting. 
[0052] The first mixer is connected via line 52 to a 
low-pass filter 53 which in turn is connected via line 54 
to a second phase-shifting means 55 outputting a 
phase-shifted signal on line 56 to a summing means 58. 
In a similar manner, a second mixer 51 is connected via 
line 59 to a low-pass filter 60 which is in turn connected 
via line 61 to a third phase-shifting means 62 which out- 
puts a phase-shifted signal via line 63 to the summing 
means 58. 

[0053] The first mixer 50 multiplying the input signal 
with the phase-shifted local oscillation frequency signal 
from the frequency synthesizer generates a quadrature 
mixer product signal Q, while the second mixer 51 gen- 
erates an in-phase mixer product signal 1. The quadra- 



ture mixer product signal Q is supplied through the 
second phase-shifting means 55 the phase shift of 
which is controlled by the control unit to be either 90'' or 
0"" depending on whether GSM 900 or GSM 1800/1900 

5 is selected. The in-phase mixing product signal gener- 
ated by the second mixer 51 is supplied to a thifd phase- 
shifting device 62. the phase-shift of which is controlled 
by the control unit to be either 0** or 90° depending on 
whether GSM 900 Oder GSM 1800/1900 is selected as 

10 can be seen from the table in Fig. 6. After summing the 
in-phase and quadrature signals by summing means 
58, the received signal combined constructively after 
passing through the image reject mixer 30 Is translated 
to an IF frequency. 

IS [0054] The table shown in Fig. 6 shows the param- 
eters used by the different GSM standards. If the mobile 
phone is switched to the GSM 900 operation mode hav- 
ing a downlink receiving frequency band between 935 
und 960 Mhz, the chosen local oscillation frequency sig- 

20 nal is the upper local oscillation frequency within a fre- 
quency range of 1335 to 1360 MHz. The phase shifter 
62 of the image reject mixer 30 shown in Fig. 5 is set by 
the control unit to perform a phase shift of 0", whereas 
the phase shift 55 of the image reject mixer shown in 

25 Fig. 5 Is set by the control unit to perform a phase shift 
of 90** using the lower side band of the signal. 
[0055] In case that the mobile phone is switched to 
the GSM 1800 receiving mode having a downlink 
receiving band frequency range of 1805 to 1880 MHz. 

30 the chosen local oscillation frequency generated by the 
frequency synthesizer 31 is controlled by the control 
unit 14 via control line 33 to be the lower local oscillation 
frequency L021, i.e. between 1405 and 1480 MHz 
depending from the selected broadcast channel. The 

35 phase shifter 62 of the image reject mixer 30 shown in 
Fig. 5 is set to 90° and the phase shifter 55 to 0° by the 
control unit 14 via not shown control lines. The upper 
side band of the signal is used. 
[0056] In case that the mobile phone is wHched to 

40 the GSM 1900 operation mode having a receiving fre- 
quency band ranging from 1930 to 1990 MHz, the local 
oscillation frequency is selected to be the lower oscilla- 
tion frequency L031 which is in the frequency range 
from 1530 MHz to 1590 MHz and the phase shifter 62 is 

45 simultaneously controlled to perform a phase shift of 
90°. while the phase shifter 55 is controlled to perform a 
phase shift of 0° Again, the upper side band of the sig- 
nal is used. 

[0057] Fig. 7 illustrates that an unwanted noise sig- 
50 nal having a frequency at the image frequency IM might 
cause problems if not sufficiently suppressed. The 
image frequency or mirror frequency is the frequency 
which has the same frequency difference from the local 
oscillation frequency as tiie frequency of the received 
55 signal. In the example shown in Fig. 7, the receiving fre- 
quency might be 935 MHz and the chosen local oscilla- 
tion frequency L012 is 1335 MHz. If noise occurs at a 
frequency of 1 735 MHz which is the image frequency of 
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RX1 with respect to L012, the noise signal Is convo- 
luted by the mixer to the intermediate frequency like the 
received broadcast data signal. Noise having a fre- 
quency of the image frequency IM is output by the mixer 
30 superposing the data signal on RX1 which is also 
down-converted to the intermediate frequency IF, 
Accordingly, it is very important to suppress any noise 
signal comprising a frequency at the image frequency 
IM. In practice, it is important that there Is at least a 10 
dB level difference between the received data carrying 
information signal received on RX1 and the unwanted 
disturbing noise signal having a frequency at the image 
frequency IM, i.e. 1735 MHz in the shown example. 
[0058] Fig. 8 shows the first embodiment of the 
wide band receiver front end for multlband receiver 
according to the present invention as shown in Fig. 2 
with different measuring points A to E. the signal levels 
of which are shown in the table of Fig. 9. 
[0059] As can be seen from Fig. 9, the received 
broadcast signal received by the antenna 1 has e.g. a 
level of -98 dBm, while the noise signal is much stronger 
having a level of - 43 dBm. In case that a normal mixer 
30 is used, the suppression of the noise signal at the 
Image frequency IM is mainly achieved by the filters. In 
the shown example, the received broadcast signal Is 
amplified by the wide band low noise amplifier 2 having 
a gain of 20 dB to a level of -78 dBm. In the bandpass 
frequency range, the received broadcast signal is atten- 
uated by one of the filters 22, 23. 24 to -83 dBm and by 
the normal mixer 30 to -80 dBm at measuring point D. A 
further attenuation is performed by the IF-f liter 35 to -85 
dBm. In contrast, the much stronger received noise sig- 
nal having a level of -43 dBm Is also amplified by the low 
noise amplifier 2 to -23 dBm. but attenuated by -80 dB 
to a level of -93 dBm at measuring point C, lifted to -90 
dBm at measuring point D and atenuated to -95 dBm at 
measuring point E, In such a manner, using a normal 
mixer 30, the necessary level difference of 10 dB is 
mainly achieved by the strong suppression by means of 
filtering devices 22, 23, 24. 

[0060] As can be seen in the lower part of the table 
shown in Fig. 9, in case that an image reject mixer is 
used instead of a normal mixer, the necessary attenua- 
tion performed by the filters is lower. The received 
broadcast signal having a level of -98 dBm is amplified 
to -78 dBm and attenuated slightly in the bandpass fre- 
quency band to -83 dBm at point C and lifted up by the 
Image reject mixer 30 to -80 dBm, while attenuated by 
the IF-filter 35 to -85 dBm. The unwanted received 
noise signal at the Image frequency IM having -43 dBm 
at the antenna Is amplified to -23 dBm by the low noise 
amplifier 2 and attenuated by the filtering means to -73 
dBm at measuring point C. By means of the Image 
reject mixer 30. the noise signal is further attenuated to 
-90 dBm at measuring point D and finally by the IF fflter 
35 to -95 dBm. 

[0061] As can be seen from Rg. 9 by using the 
image reject mixer, also the necessary level difference 
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Of 10 dB is achieved. The advantage of using the image 
reject mixer instead of the normal mixer resides in that 
the requirements for the filtering means 22, 23. 24 are 
much lower. While in case that a normal mixer is used, 
the filtering means have to achieve a suppression or 
attenuation of the unwanted noise signal of 80 dB, the 
employment of an image reject mixer requires only an 
attenuation by means of filtering means of 50 dB. 
Accordingly, by using an image reject mixer, the band- 
pass filter 22, 23. 24 can be of a much simpler structure 
reducing production cost and lowering the complexity of 
the mobile phone. 

[0062] Although the present invention has been 
described with respect to preferred embodiments 
thereof, it should be understood that many modifica- 
tions can be performed without departing from the 
scope of the invention as defined by the appended 
claims. 



20 Claims 



A witchable wide band receiver front end for a 
multlband receiver comprising: 

a broadcast signal receiving means (1) for 
receiving broadcast signals within multiple 
receiving frequency bands, wherein each fre- 
quency band is divided into a plurality of chan- 

nels; 

a wideband low noise anrplifier (2) connected 
to said broadcast signal receiving means for 
amplifying the broadcasted signals of all 
receiving frequency bands oulputting an ampli- 
fied output signal which is branched to multiple 
switches (11, 12. 13) of a switching means 
(10). wherein the number of said switches (11, 
12, 13) corresponds to the number of receiving 
frequency bands; 

multiple filters (22, 23. 24) each connected to 
one of said switches (1 1 , 1 2. 1 3), wherein each 
filter has a bandpass filterering characteristic to 
pass all signals within an associated receiving 
frequency band; 

a mixing means (30) connected to the output 
side of each filter mixing the filtered signal with 
a locally generated mixing signal from a fre- 
quency synthesizer to produce a intermediate- 
frequency signal; and 

a control means (14) outputting a first control 
signal to said switching means (10) for switch- 
ing on one of said switches wherein one of said 
multiple receiving frequency bands Is selected 
and outputting a second control signal to said 
frequency synthesizer (31) to generate a mix- 
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ing signal corresponding to the selected receiv- 
ing frequency band. 

The wide band receiver front end for a multiband 
receiver according to claim 1, wherein said mixing 
means (30) is an image reject mixer. 

The wide band receiver front end for a multiband 
receiver according to claim 1 or 2. wherein on the 
output side of the mixing means (30) an IF-filter (35) 
is provided having a filtering characteristic to pass 
all signals within a narrow frequency band around a 
predetermined intermediate frequency IF. 
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The wide band receiver front end for multiband is 
receiver according to one of the preceeding claims, 
wherein a further switching means (37) having mul- 
tiple switches (38, 39, 40) each connected to the 
output side of a filter (22, 23. 24) is provided on the 
input side of said mixing means (30) for inhibiting 20 11 
interactions between the filters (22, 23, 24). 



The wide band receiver front end for multiband 
receiver according to one of the preceeding claims 
2 to 4, wherein in said image reject mixer (30) on 25 
the input side the signal is branched to a first signal 
branch and a second signal branch each compris- 
ing a mixer (50. 51). wherein the input signal is 
mixed in the first signal branch with said locally gen- 
erated mixing signal which is phase shifted by a first 30 
phase shifting means (48) to produce a first mixing 
product signal that is phase shifted by a second 
phase shifting means (55), wherein the input signal 
is mixed in the second signal branch with said 
locally generated mixing signal to produce a sec- 35 
ond mixing product signal which is phase shifted by 
a third phase shifting means (62) and added by an 
adder (58) on the output side of said image reject 
mixer to said phase shifted first mixing product sig- 
nal to produce said intermediate-frequency signal. 



tern. 

9. The wide band receiver front end for multiband 
receiver according to one of the preceeding claims, 
wherein said wide band receiver front end is capa- 
ple of receiving three different frequency bands, 
wherein the first receiving frequency band is the 
downlink frequency band of GSM 900. the second 
receiving frequency band is the downlink frequency 
band of GSM 1800 and the third receiving fre- 
quency band is the downlink frequency band of 
GSM 1900. 

10. The wide band receiver front end for multiband 
receiver according to one of the preceeding claims, 
wherein the IF-filter has a nan-ow frequency pass 
band of 200 kHz conresponding to a frequency 
width of a physical GSM data channel. 



12. 



. The wide band receiver front end for multiband 
receiver according to one of the preceeding claims, 
wherein said control means (14) detects automati- 
cally on which receicing frequency band data is 
broadcasted from a transmitting base station and 
generates said first control signal such that this fre- 
quency band is selected. 

The wide band receiver front end for multiband 
receiver according to one of the preceeding claims, 
wherein said filters (22. 23, 24) are selected from a 
group consisting of surface accoustic wave filters, 
dielectric fUters. helical filters, multilayer filters, 
stripline filters, microstrip filters. 



40 



6. The wkie band receiver front end for multiband 
receiver according to claim 5, wherein the first shift- 
ing means each performs a phase shift of 90° and 
the phase shift of the second and third phase shift- 
ing means (55. 62) is controlled to be O** or 90* 

7. The wide band receiver front end for multiband 
receiver according to one of the preceeding claims, 
wherein said switching means (10) Is a high power 
antenna microwave monolithic integrated drciut 
MMIC having multiple receiving ports and a switch- 
ing speed of about 100 ns. 

8. The wide band receiver front end for multiband 
receiver according to one of the preceeding claims, 
wherein receiving frequency bands are downlink 
frequency bands of a GSM telecommunication sys- 



45 



so 



55 



13. The wide band receiver front end for multiband 
receiver according to one of the preceeding claims, 
wherein said wide band low noise amplifier (2) 
amplifies the received broadcasted signal within a 
wide frequency band which includes more than one 
of the multiple receiving frequency bands. 

14. The wide band receiver front end for multiband 
receiver according to claim 13. wherein said wide 
frequency band of said wide band low noise ampli- 
fier (2) includes the downlink frequency bands of 
GSM 900. GSM 1800 and GSM 1900. 

15. The wide band receiver front end for multiband 
receiver according to one of the preceeding chains, 
wherein the locally generated mixing signals LO for 
the operation in different GSM-modes are choosen 
such that the frequency difference between said 
locally generated mixing signals LO Is minimal. 

16. The wide band receiver front end for multiband 
receiver according to one of the preceeding daims, 
wherein the frequency of the intermediate fre- 
quency signal which Is output by said mixing means 
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(30) is about 400 MHz. 

17. The wide band receiver front end for muftiband 
receiver according to one of the proceeding claims, 
wherein the signal noise components at the image s 
frequency are sif^pressed. 

18. The wide band receiver front end for multiband 
receiver according to one of the preceeding claims, 
wherein the low noise amplifier (2) only covers two io 
or more frequency bands. 

19. The wide band receiver front end for multiband 
receiver according to one of the preceeding claims, 
wherein the switches (11. 12, 13)andthef3ters(22, is 
23, 24) are placed between the antenna and the 
low noise amplifter (2). 

20. The wide band receiver front end for multiband 
receiver according to one of the preceeding claims, 20 
wherein at least some of the switches (11. 12, 13) 
are replaced by matching circuits. 

21. The wide band receiver front end for multiband 
recever according to one of the preceeding claims. 2S 
wherein more narrow-banded filters are provided 

for filtering one or more of the frequency bands, 
instead of one filter covering the entire receiving 
band, preferably the GSM 1800 is split into two fil- 
ters, the first covering the band from 1805 to 1845 30 
MHz and the second covering the band from 1845 
to 1880 MHz. 
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